The measurement and recording of blood pressure in newborn babies is fraught with technical difficulties. Direct measurement from an artery is certainly the most accurate method (de Bono, 1963) but has obvious limitations, particularly if repeated observations over a period of hours or days are required. It involves entering an artery, strict asepsis, and expensive equipment for recording. Repeated measurements by indirect means are at best time consuming and tiring for both baby and observer (Ashworth, Neligan, and Rogers, 1959) , and at worst upsetting to the baby and, therefore, inaccurate and valueless. Many ingenious methods of measuring blood pressure indirectly have been devised, but all of them have their limitations. The subject was reviewed by Young (1961) who discussed the various means employed and reviewed the findings.
In this unit we have recently had special opportunities to measure blood pressure. First, an apparatus has been devised that automatically records a baby's blood pressure at 2-minute intervals. This has made possible an assessment of blood pressure changes over the course of hours and days, and the patterns of blood pressure variations, including any circadian or shorter rhythms. Secondly, babies who require frequent sampling of blood for clinical reasons (for example, premature babies with the respiratory distress syndrome) have an umbilical arterial catheter inserted soon after birth, and we have taken advantage of the opportunity to make direct measurements of blood pressure in a variety of babies with different clinical conditions, and of varying size and gestation.
Automatic Recorder
With this instrument, which is an adaptation of that described by Ball, Pallett, and Shillingford (1961) for recording digital blood pressure in adults, blood pressure is recorded indirectly from an arm or leg, and all the technical hazards of such indirect recording apply. The apparatus consists of two cuffs placed on the baby's arm (or leg), a sensing device for detecting pulsations, a pump which operates automatically at 2-minute intervals, and a mechanical recorder (a diagram of the mechanical connexions is shown in Fig. 1 ). At 2-minute intervals the proximal occluding cuff is blown up to 150 mm.Hg over the course of 10 seconds and at the same time the distal sensing cuff is blown up to a pressure 10 mm.Hg below that of the occluding cuff to render it turgid. The pressures fall in parallel over the next 45 seconds by a controlled leak to air. As soon as pulsation is detected in the distal cuff, the mechanical recorder whose needle is moving on the surface of a drum begins to write. There is then an interval of about 1 minute when the pressure of both cuffs is nil to rest the arm before the cycle is repeated.
The cuffs used are standard 2-5 cm. x 15 cm. size ('Neligan' cuffs, supplied by Charles Thackray Ltd.). Pulsation is detected by the method of Pallett (1962) , which depends on the small movement of air caused by pulsation being led through a capillary tube and playing on a heated thermistor bead. The bead is cooled sufficiently by this tiny puff of wind to alter its electrical resistance and give a signal. To reduce artefacts caused by the child moving his arm, it is arranged that the signal must be synchronous with pulsation taken in the same way from the occluding cuff before the recorder will write. The needle on the recorder moves vertically over the drum with each cycle and the drum rotates slowly over a 12-hour period. One is thus presented with a series of dotted lines, the vertical length of which is proportionate to the pressure being recorded. Calibration is achieved simply by having a mercury manometer attached on the side arm of the occluding cuff pressure lead.
The The rise in blood pressure during a feed is the most striking feature of these variations. It was quite consistent and frequently as large as 20 mm. Hig. Some of the factors that might be responsible for this were investigated individually. Fig. 4 shows that when a child is allowed to suck a teat flavoured with 5 % dextrose there is a substantial rise in blood pressure. This rise did not occur on insertion of the teat into the mouth unless the child sucked. The changes in blood pressure in Fig. 4 were noticed to be directly related to the vigour of the baby's sucking. In Fig. 4 (right hand section), there was no sucking for two minutes after insertion of the teat when vigorous sucking was observed. This sucking be-6 came progressively less until just before the teat was removed. A feed through a gastrostomy tube caused no rise in blood pressure in one infant. When a child is being fed by gavage, the tube being inserted through the mouth, there is a rise in blood pressure, not as well sustained as in an ordinary feed (see Other factors that may add to the rise in blood pressure during a feed include sitting the baby up and general arousal. Tilting to a head-up position causes a rise in blood pressure, and feeding a baby lying in his incubator causes a smaller rise in blood pressure than when he sits up for the feed. 'Arousal' is difficult to define, but a baby with his eyes open and a small amount of physical activity has a higher blood pressure than when he is completely quiet (see Figs. 2, 3, and 6) .
The effect of mild cooling was examined, but it was difficult to separate the effect of the cooling from the slight arousal which is almost always produced. slightly, but not statistically significantly, higher. Neligan and Smith (1960) have reported a small steady rise in blood pressure in babies with respiratory distress after the first few hours of life. This was seen on a number of occasions and is illustrated by the tracing in Fig. 7 in a 1 A total of 43 infants was studied (Table 1) . 15 of them weighed more than 2,500 g. Of these 15 infants, 6 were of diabetic mothers, 3 had respiratory distress syndrome, 2 had severe perinatal anoxia with convulsions, and the other 4 had haemolytic disease of the newborn. The blood pressure in the latter 4 was recorded during an exchange transfusion (done via the umbilical vein). The babies of diabetic mothers were not hypoglycaemic at the time of recording the blood pressure. The remaining 28 infants weighed less than 2,500 g. These are divided into those that weighed 1,501-2,500 g. and those that weighed less than 1,500 g. These two groups were further subdivided into infants small for their gestation (i.e. arbitrarily defined as those weighing 750 g. or more below the mean for their gestation) and infants within the normal weight range. Some of the infants referred to as normal in both Tables had blood glucose Blood pressure recordings during exchange transfusion (Fig. 8) showed that the blood pressure dropped when the blood was withdrawn and it rose when blood was injected. The average rise or fall in systolic blood pressure on injecting or withdrawing 20 ml. of blood was 8 mm. Hg, but on many occasions much higher rises or falls (up to 15 mm. Hg) were noted. Changes in diastolic blood pressure were of a lesser magnitude, the average being 6 mm.
Hg, though at times there was a rise or fall of 10 mm. Hg. It was noted also that this change in blood pressure was less often seen towards the end of an exchange transfusion suggesting that the circulation was becoming adjusted to the rapid changes in blood volume (Fig. 8) .
Infants weighing more than 2,500 g. (see Table 2 ). There was no difference in blood pressure between infants of normal weight for their gestation and those that were small for their gestation. Infants of Birth Weight Less than 1,500 g. In contrast to infants weighing more than 1,500 g., these infants had a low blood pressure with an average of 66/43 mm. Hg when flat and a mean of 54 mm. Hg. They also showed a rise in blood pressure with crying and on sitting up. The blood pressure fell when the head was held low. Babies with the respiratory distress syndrome in this group similarly had low blood pressures compared with those weighing more than 1,500 g. with the respiratory distress syndrome. On tube feeding there was no change in the blood pressure except during the process of passing the tube if the baby struggled. There was no change in blood pressure with the different periods of respiration in one infant with periodic breathing. Fig. 9 shows the effect of external cardiac massage in an infant who had cardiac arrest following an apnoeic attack. The external cardiac massage always produced a large pulse wave. Following the cardiac massage the heart began to beat spontaneously and the blood pressure, which was unrecordable previously, rose to 44/32 mm. Hg. Discussion A striking feature of the blood pressure ofnewborn babies is its variability (Figs. 2, 6 Tilting up a baby increases noradrenaline output (Greenberg, Lind, and von Euler, 1960) and sucking may also do so. Hakulinen, Hirvonen, and Peltonen (1962) found a rise in blood pressure during sucking and attributed it to the physical work involved, but it might equally well be a consequence of emotional excitement engendered by feeding. The rise in blood pressure provides one very good reason for feeding babies in cardiac difficulty by gavage.
The absence of a circadian rhythm is an interesting finding. Most normal babies are showing a circadian rhythm in wakefulness, pulse rate, and body temperature by about 3-6 weeks (Hellbrugge, 1960) . We did not examine normal babies of 1 month, and the absence of circadian rhythm in premature babies of 6 weeks could be due to their prematurity (Hellbrugge, 1960) or to the abnormal environment of a premature unit where attendants, artificial light, and feeds are available throughout the night.
The rhythmic changes observed were related to the artificial rhythm of feeds and the natural rhythm of sleep (Goldie, 1964) . The rhythm can be disturbed by external stimuli, and in our experience babies in hospital, especially premature babies, seldom have many consecutive hours without interference such as physical examination, blood tests, weighing, nappy change, and other nursing procedures. The absolute levels recorded by direct measurements are in general agreement with the findings of other workers (Rudolph, Drorbaugh, Auld, Rudolph, Nadas, Smith, and Hubbell, 1961; Moss et al., 1963) . There are, however, one or two interesting features. The blood pressures of babies between 1,500 and 2,500 g. are not materially different from those of bigger babies. In babies below 1,500 g. the blood pressure is, however, lower (Table 2) , as it is in babies suffering from respiratory distress syndrome. The blood pressure of babies who are 'small for dates' is more clearly related to the weight of the baby rather than to its gestational age. In animals, the blood pressure at birth is related to length of gestation (Dawes, 1961) Dawes, James, and Koford, 1964) and babies (personal observation and Fig. 9 ). In one patient in whom blood pressure was bhing recorded, there was cardiac standstill. External cardiac massage produced a good pulse pressure and the heart began to beat spontaneously again (Fig. 9) . This was followed by spontaneous respiration which can be seen on the tracing by the respiratory fluctuations in blood pressure. The magnitude of the pulse wave and the efficiency of the treatment are demonstrated by this tracing.
Babies with the respiratory distress syndrome were consistently found to (Strang and MacLeish, 1961; Warley and Gairdner, 1962) . The low blood pressure in babies with respiratory distress has been reported by other authors (Neligan and Smith, 1960; Rudolph et al., 1961) . Exchange transfusion produces large rapid fluctuations in blood pressure, though it is our practice to perform each individual manoeuvre slowly (e.g. two minutes to inject 20 ml. blood). The blood pressure, however, rapidly returned to 'basal' level if one stopped for a minute or two, and it was a common finding that towards the end of the procedure the fluctuations were less wide. This again suggests that vasomotor control at this age is far from inadequate.
Summary
An apparatus which automatically records blood pressure at 2-minute intervals in babies is described. The fluctuations and rhythms in a baby's blood pressure are demonstrated. Although there is no circadian rhythm in babies, there is a rhythm related to feeds. Feeding itself causes a large rise in blood pressure and the reasons for this rise are analysed. Direct arterial blood pressure readings from a number of babies are reported and analysed according to weight, gestation, and clinical condition. In 'small for dates' babies, the blood pressure is more closely related to the size of the baby than to his gestational age. The efficiency of external cardiac massage in producing a pulse pressure is demonstrated. The general contention that vasomotor regulatory mechanisms are functioning in babies is supported.
